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DIODES AND RECTIFIERS 

*** INCOMPLETE *** 



Introduction 

A diode is an electrical device allowing current to move through it in one direction with far greater 
ease than in the other. The most common type of diode in modern circuit design is the semiconductor 
diode, although other diode technologies exist. Semiconductor diodes are symbolized in schematic 
diagrams as such: 

Semiconductor diode 

— permitted direction -« — 
of electron flow 

When placed in a simple battery-lamp circuit, the diode will either allow or prevent current through 
the lamp, depending on the polarity of the applied voltage: 



Attachment 2 
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Total 




E 


32.4 


12.6 


45 


Volts 


1 


324 


324 H 


324 [1 


Amps 


R 


100 k 


38.889 k 




Ohms 



t 

Ohm's Law 

R = JL 
1 

Thus, if the load resistance is exactly 38.889 k , there will be 12.6 volts across it, diode or no diode. 
Any load resistance smaller than 38.889 k will result in a load voltage less than 12.6 volts, diode or 
no diode. With the diode in place, the load voltage will be regulated to a maximum of 12.6 volts for 
any load resistance greater than 38.889 k . 

With the original value of 1 k for the dropping resistor, our regulator circuit was able to adequately 
regulate voltage even for a load resistance as low as 500 . What we see is a tradeoff between power 
dissipation and acceptable load resistance. The higher-value dropping resistor gave us less power 
dissipation, at the expense of raising the acceptable minimum load resistance value. If we wish to 
regulate voltage for low-value load resistances, the circuit must be prepared to handle higher power 
dissipation. 

Zener diodes regulate voltage by acting as complementary loads, drawing more or less current as 
necessary to ensure a constant voltage drop across the load. This is analogous to regulating the speed 
of an automobile by braking rather than by varying the throttle position: not only is it wasteful, but the 
brakes must be built to handle all the engine's power when the driving conditions don't demand it. 
Despite this fundamental inefficiency of design, zener diode regulator circuits are widely employed 
due to their sheer simplicity. In high-power applications where the inefficiencies would be 
unacceptable, other voltage-regulating techniques are applied But even then, small zener-based 
circuits are often used to provide a "reference" voltage to drive a more efficient amplifier-type of 
circuit controlling the main power. 

• REVIEW: 

• Zener diodes are designed to be operated in reverse-bias mode, providing a relatively low, 
stable breakdown, or zener voltage at which they being to conduct substantial reverse current. 

• A zener diode may function as a voltage regulator by acting as an accessory load, drawing more 
current from the source if the voltage is too high, and less if it is too low. 



Special-purpose diodes 

Schottkv diodes 

Schottky diodes are constructed of a rnetal-to-N junction rather than a P-N semiconductor junction. 
Also known as hot-carrier diodes, Schottky diodes are characterized by fast switching times (low 
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reverse-recovery time), low forward voltage drop (typically 0.25 to 0.4 volts for a metal-silicon 
junction), and low junction capacitance. 

The schematic symbol for a Schottky diode is shown here: 

Schottky diode 
Anode 



Cathode 

In terms of forward voltage drop (Vf), reverse-recovery time (trr), and junction capacitance (Cj), 
Schottky diodes are closer to ideal than the average "rectifying" diode. This makes them well suited 
for high-frequency applications. Unfortunately, though, Schottky diodes typically have lower forward 
current (If) and reverse voltage (Vrrm and Vdc) ratings than rectifying diodes and are thus 
unsuitable for applications involving substantial amounts of power. 

Schottky diode technology finds broad application in high-speed computer circuits, where the fast 
switching time equates to high speed capability, and the low forward voltage drop equates to less 
power dissipation when conducting. 

TunneJ diodes 

Tunnel diodes exploit a strange quantum phenomenon called resonant tunneling to provide interesting 
forward-bias characteristics. When a small forward-bias voltage is applied across a tunnel diode it 
begins to conduct current. As the voltage is increased, the current increases and reaches a peak value 
called the peak current (I P ). If the voltage is increased a little more, the current actually begins to 
decrease until it reaches a low point called the valley current (I V ). If the voltage is increased further 
yet, the current begins to increase again, this time without decreasing into another "valley " Both the 
schematic symbol and a current/voltage plot for the tunnel diode are shown in the following 
illustration: & 



Tunnel diode 
Anode 



Cathode 



Forward 
current 




Vr V v 

Forward voltage 



The forward voltages necessary to drive a tunnel diode to its peak and valley currents are known as 
peak voltage (Vp) and valley voltage (Vy). respectively. The region on the graph where current is 
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